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(54) ACOUSTICAL SIGNAL PROCESSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an acoustical 
signal processor generating an acoustical signal based 
on a sound field environment to be formed in a virtual 
three- dimensional space, especially, an acoustical signal 
processor capable of realizing an acoustical simulation 
easily. 

SOLUTION: This acoustical signal processor generates 
an acoustical signal by acoustically simulating a sound 
which is to be sounded from a prescribed sounding 
position at a prescribed listening position by arranging 
objects in a virtual three-dimensional space. This 
processor has such features that an acoustical 
simulation is performed by constituting a sound field 
space becoming the object of the simulation while 
combining spatial objects (11 A, 11B, 11C, 11D). The 
spacial object' is an object in which a space (sound field 
space) where an acoustical simulation is performed is 
simply modeled in order to perform the simulation easily 
and is a virtual object to which a prescribed acoustical 
parameter is given. The sound field space is constituted by combining these spatial objects. 
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[till] §^H|!fe7C^I*lCM$n5t^i|icl 

->=, ><Dtt&t/£Z^m&m*&ffl*Zfi?~? h (1 
1 A, 11B, 11C, 1 ID) £r*ft**-fr5 wi-Cfl* 

(C) 




[MM 2] miBWWt-w&a^att, wriaffiiB^^ 
<0#ws#*wffi»B. 

1 «^IB*(D»(M^I!!lBi 

-r z> m&m 5 fc£tt<a#«ffi49-4a.a&B. 

BMa#»3SIW«: 3 o^lcE^IS 2 o<7> ®j£rSS:5£ U 

3£^{£g <D&m$km t ft R R T>*® G i: £ *tb*?ti 

*,BSMEH, ®G±tC^*!>|S:^$tlfc^f^cr)^^ 

**{MaMH*Z«fcB+S»^tt, 3MrtfcBa»fcBnG 

ft] £ Bl«*£>fiflHEItt <h L , 
I^l^^YCtif^i^H 3B*ffiB«rjfeA4: 
L7t£#, «»BDS:BAMAElCrt»t6^CSr* 
tt»ffiBtjftC|WOEI!ISrli:«»coe»ffi«fc L, 
**ffiB* s ««x^#aE-i-5»-&tcf±, TOMi:?gf 
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-*-ss» 7 (cett^**ffHMQ.9ttB. 

Itt StOAM^ i t < J: 5ft l JfcR 

Ba> e> £ tt $ ^ go tu u^wtos mttmrntcm ic*j ^ 

3] «ffl=^5csra^«csaB$n3t7f-^^ 
jo B*»e>**$nfc*frw*^j»*ttBJ-*3v^r*»^5 

^ ^. l — 3 >- §rfr p ^ t Z &Wl £ T^n^m 13C 
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3 

^i/-> 3 y$rl^ l mik&ttm£& 

OTlSWW^mSr 3 oco^tcE^J^ 2 ocoffi^IS^ U 
^2o»n, l»ftffifiKi#bTifi#<Z>ffi£ffi 20 
Rx WJRffi»c:#bTiS*OiSS:a5Gt b, 

38 WteB^*£ib*yfr <h ® R & tfffi G i £ -tn^tt 

^,Di bfc<h£, 

(c|S*^bfcS*ft<75^$i:, fTOii^D^^lt 
Jll 8 J;:ga«c£>y — A^fi. 

R**-rs*^A»* i * b < 3 J: 5 1 * 
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□to 

B*> $ na^com^J ^/U3ftSfiai5«^ffiB^*5i/^ 

7"^x^ hrt»c:#»e*ai*«fi8'*-5rf-^ 3 i^ 

3 >SrtT5 wt«r4»«i: 1 4 7^Si»*«2 3 
co 5 *>ffi;h,a» i JSfcfBttcoy— AMo 

ft jRii i 3 Tbmm&m 2 4 co 5 *>{5t*lj&» 1 ii^is^y 
[0001] 

[0 0 0 2] 

t»<t £ fcJciWiE^W^bfc*^*^*:^* LtffiiB 

b T^ffliy — A s£Pb1 ^ jgfiS; b . a <r> ± A-^^ s ^— a 
rmDBtc^bfc^^^ftbr^Sc *7t, *r^co^ 

fc*, y— a* ^is^-r^^py^ Atc^^y 

- A Jg ^ (ci^ C T ^-t-< # TO ffi £ r ^ lU® ztfc-t z> 
^■m, ^P. »***<0*»«*om^Srffi3*bTi^ 

!>^7^d vtM&M 2 0 (C^i" 0 
[0 0 0 3) IS]|g|JC7n-ry*- A^Bfi. > -< >C P U 
1, ^ > K«t3S« 3 , CGtHii|^4. ^-f 

^7*1/^5, X tT— ^7 6 a SO'6 b % l/0-f>^7x 

— ^7^{ix.^„ I / O y^7x — >^ 7fi s CD-R 
OM^^fS^^^CO-f ^7x^T'l)5CD-RO 

M^coi^^it^ns^^yp ^7 1 
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A*y77, i?7 — R AM, zn^n — ^ V 

C P U 1 ^ ti6 ^ v y Kr - ^ , 
5lc^£^S^:/^^ h£#y ^> 

[0 0 0 4] t^KM3(t i^^^K^^eys * 

^KCPU, 2ft^WffH^^t5D/ 

:/ K^y 7>><b^ttJU DSP«:S^<xzi^ 
fcf— # 6 a &t>*6 b (ctB^ii-^c ^^CPUl 
A^-7^-f ^C0A7J^f^^^l'^ Lty-A7*D ^ AGO 

^^cfc«t #(^^-<> h<ommiz 

10 0 0 5] 

K-^— ^ $r-y- ^7 > K^^e y rt^g^tB LT r 
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v^v^c£>, ^n^icgpL^^^^^ 3 D-y-^> 

[0 0 0 6] iE»=*7Effil«Jw*»eiB5R*K« 
#i:-*-S*ffi»«fe«ifts*>9, 

51fT*»**LT*lt, ®MXs ®rr, leltFf, T 

«ka. rat, #i(7)t«^^^it fi # 

[0 0 0 7] -e^T% #38iSI?tt, fS®H^7C^^(C?^ 

XHy-ASIt LtIi$t57 ( o ^7A«r*»L3t. 
[0 0 0 8] 

Mil, ^H^5c^F^^{C^-^v?rc^ h^gB^u, ^ 
lx-y 3 ySrfs - t -Cf^f f 

[0009] ;-r% "'£fflj-yv=.? h" kte, 
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5 r t x &mat <* ti z> . 

[OOli] a. u~->3 feu 

[0012] »^L<lt *<m*«y!¥WM:, 20 

Iooi3] 0y*.tf % a«*<&#»«»*&i*i-3»& 

li> WffifflSr 3 ooTO^E^^, 2 ocoE^t^t" 
(!)7/i^«) , ffiRi:ffiGT-Eli$ixSfiS«^p«Y 

tat^tt, ^BWffiE^^ffiG^W^U^IStoS^ 

BD^B AJtAElCrt^f5^Ct:*4!>, KAttB&J^ 
CIBa>gEI(iSriB:»*<oe*Sti LT 

& b <t $g wcc rni o ^m.m^(D bw&m k tris 
[0014] \*x\**&m&£.±izo>j: ? 
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k&x%z> 0 

[0 0 15] ®R, ffiGtt$|iljt^i;.x^ hO^^S 
^fcs ^DfiBBGWf/L^-CfeSri^^^L.^^ 

^D*ifijGC9+/iL^t-t-s r t x\ mmcDm^mt^ 

[0016] 1 &R*rtF0>¥#« 

L *>3 >£1"6 0 

[0 0 17] *»R»*OW(M-*4«t5#^li, 
[0 0 18] >a >-SrfK»^i"6 

Xttlt LTftV\ ^^^>^ a >3 >^fT9 a ^co 

sfeuMiai©"f ssh^v^a:^ h&ftte-tz>m&x&><>x 

[0 0 19] ^^co^— Ai|gfg« % fS3©=2fe5c^^rt 
*m^&tem%$:ffij&-i-Z>kki>lz. -* =, u~ 

i>3 >(DttMtktez^m&rfi&&m*-7i?*# h%m* 

[0 0 2 0] ^-^-^^^ hr- ^ irfi, 
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[ 0 o 2 i 3 ^5gWo««ffi»jBt(*Ji, — 

fcff>$rv>p ft Pot, 

-ZftVytj^t (FD) , ^" K"rV ^ ^ (HD) , CD 
-ROM. CD-R, DVD-ROM, DVD-RA 
M, DVD-R, P D^^f ^ ^ , MDr^^, MOr 

[0 0 2 2 ] 

2, If * ^ KflLJlgR 3 , CGfM£ff4, ^-f^^l^f 
5, * k*— # 6 a &t>*6 b , I / O-Y 1/ $ y — 7 $r 
(gx,<5 0 I/0-fy^7i^7ll ^/n//7A 

/K-V«t5^ hn-7^y K^A^f 
^(O^ V — ;*£^ir 0 CD-ROM^i^ 
^f>^$n6^-A7 B P ^'v At*— I /O-Y ^ 

7*— ^teCG*£iIi£fl4fc:, t^>Kf- ^ (BGM^$ 

^ ) ^M I D I 7&5£/«£ £T<OlJ- £ V K*i]^t"— * 
ifr> ^ K^^H5 3tCf«££;*x<5 0 
[0 0 2 4] /Mtiai^y ho — K<D^f^ 

tc*W*fl.ai--5^-r y^ti, Jt^TOJ: 9 l-frfritSo * 

-r, vc pu 1 frbcGffim&4iz.mfc&i&j$.-rz> 

^$ft5o CGfSilj^54^^^(b^ttfS^^{C{g*BH^ 
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h^tc^ y * tr^ftwg. Ptn&s, tpx*--*-* 

tTotfV^/i-i' 5{:^lti/^o t^K«!iI» 
3H CG»iiigB4^i(&S4t5±IE^^3i^ 

^Wrt«c:ia«$it5#ffl^^3:^ ffiS, r&3 

i)y K^^lis f >)y KCPU, 2 ^^tfil 

(D^^^ 6 a M 6 b (Ctf^t 60 W*sYtoi 

[0025] (^raa-^v^* h(cj:s*»sM©ie 

^^tSSF^l^fMbtSc H11 (A) (c^^ 
^iE^^^x/WkLfc^ra^^*^ Ml £r^-To 

^ h^i^^sr ^r-^^ttSo ^^t^^i 

vws5*(^ffl$it5?F^rta^^*^ hTfcSo 
[0 0 2 6] mmzTFirmjjftn&mj-yi?*.* b 1 1 

|J6ftO?jfilla-llfS:fx.5, ^-^FffittlS^rw 

ii^*»-<»i»**}fts«R< , vmtzrtao&WtQm 

W) ifitfiSr^fr-T^ffi 1 ldcoj^ 

40 11 a — 11c, lie, 1 1 f <Dfcfrtm& 0 t~t^o 

1 1 d^AStufcWttig^^sit^-ejR^ti-sfc^. 
(i, wx.«. ¥®i ia-11 & <DBL$fim*o. sum. 

t L , ¥® lie, 1 1 f ^R^^^r 0 t-fZo wCOJ: 
9lc^-^fficDRM^^IS:^-rar.i:T", ^ffil la, 1 
50 1 b^CAltLttttSW^n, ¥S1 1 e, lift- 
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A&f Lfc*fi*Of:*igir*:«>, fffille, 1 1 f £ 

*»ffira**»i"Sfcae>(Cf4, ^TC0 6®1 1 a~l 1 
f ^ov^T0f3tORtt* 0. 9) Sr^fctttf 

[0 0 2 7 J £fc s ^ra^-^v^at^ M 111 01 1 

(B) (c^-TJ: ot£Fi1&yt<Di><o-eh z<vm, 3* 

R»tt, ft«6«, ^tttt, 4ffif*\ 12E#, 2 0 

bt>w£i**<\ mil (o t^-r<fc? 
«\ n^coaspg^-^^*^ hi i Aicmx&n&rfi* 

-/i?*? h l l B— 1 l D^ill^^tv^c r co J: 

[0 0 2 8] (^>^u-^ 3 y« Mf^S 

3!fe:&lcia#£:fT9, El l 2 (A) M^i"* 

5tci, h l 2 $nfc**«^Bl5t- 

rf^x-V h l l HRIttf (cSt^ l 3{diE^PJiii-5 
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it* r^W^iMtfl^^x^ h i 2 fc3fc#jft 

1 3*r»-Se*ttK^P>i<[«*SrJfttJ-*--6. JWMSfciff 
SVaW^ * -> 3 v*cov^r*4a«Bi-s. i #; 

[Ml 2 (B) ^-f^-MC ^ragC^^i^* 
? V 1 2^^^$^^^^^^ hllCl 
0K»L"CS*jRi 3(cpJiti-6^^^9„ itettf 

owt^^t5 0 iiS&KfcWif:*, Ull 2 (C) JCTjt 
-fJ:?^ tl^^x^ F l 2^b^f « 
m*7i?=* hi l(£2|aUa±£ttLTg«,£l 3(CPJ 

frbtlXjS*) , #Jx.l3:\ #F^Bg6 3-4 0 1 9 9#(^^ 
[0 0 2 9] (iE^^coWl^v^^ ^ 1^— ->3 » El 1 3 

(a) . in i 4 ^Miri^)^->^ a U~ ->3 

(A) tr^i-J:^^, #BRw*:#$Srftpo#»S[^^* 
h 1 2CMtt0< x ^xiCO^H^fcS^tti®^ 

k-f&o 

[0030] lOlogio (r2/n) — ( 1 ) 

2 0 I o g t o (r2/r i) — (2) 

40 ±^{z&\,^xm^nx&^& t ^ra^KKds r i^b 

r 2 — WtLfcfc *0*0*»apSr (1) 5£t>iH2* U 
t #<n*<o«JrtS€r ( 2) *-c«*i-* c iau, ±fBx 

as^-^a ^ h k^&f$<Dmffitfftfrfr&^<DBwm 
mtz£z>M&&mw°tz>zkfcx£z a Md^mcn, n 

M*-?i/~? h<Dmm"r-?. Bft?*-*. ^^<om 
50 -f^x-t h<7>^#$*s_hfE^»«§Bfliit«LT^(c:/h 
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(8) 

[0 0 3 1 ] *a*fi;b*£in;*^** hco^W 

[0 0 3 2] P = Poexp (-mr) — (3) 

^^^It (5 0 0Hz, 1 0 0 0Hz, 200 
0Hz, 4000Hz, 5940Hz) (C&t?£« ^ffl 

1 O^, 2 0*C) , St/#SS (3 0%, 5 0%, 7 0 
%, 9 0%) K*5tt$#0>iiat#*: [dB/lOOm] 

eflHEKr*»&0£jrtc (3) ^T*^ 

t\ 2g*w>ttK, ±s »s Jtt±*coffi«<o*<7)eii 

[0 0 3 3] (1 *R»*^#»-> 5 a U— -> 3 » 2fe 
tc, 113 (B) ^filti^ltlf^f^^u 

y^x^ hw«EWcJ:Sj»Wiii:*#tPI«*c»»-*-*L 

*swi:<i:5twg«iii&u, f^m^^-r ct 9 ^, sag 

[0 0 3 4 ] v = (6 1X62) 2 - (4) 
6i = ptctco s 0 — p 1 c 1 c o s 0 t •■■ (5) 
S2=picicos0t + /otctcos0 ■ ■■ (6) 
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[0 0 3 5] (i^^M^^^i/ ^u-> 3 y) & 

JipniB-CfcSd^ tt*«r£6*£fK*<fci-Sfc*fc, TIE 

3-4 0 1 9 9fl:^^Tl^J:9^ 3 f<i 9 J9A' 

[0 0 3 6 ] (-^ •> >- K8LSft5<rc«f Jdt) HI 2 {d^ ^ > K 

PU31. f^^K^^y 32, D/A^ — ^ 3 
3, 7y7'34a, 34b N ^t 8 ^6a&I/6b^ 
££0 -bi^LrcJ: t^KCPU3 1 izU, * << 

m^&mmzffim+ztcwz&mk b 

SrMtSo *#ft*ctt, hr-^CSo'^ 

t\ ft^^t^o f^yK/^y 3 2Pt s^ 
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[0 0 3 7] (*«ffi^A«{c43it^V««-9-«!i3) 
t^KCPU31, t^K^^y 3 2X*ffif&£tlZ 

£/#gfl3 0 OTif«ff>^ ->3 >co^l^^ 
fcl>co-C^6o iff*?* 9 hf-^^lt:ff-> 

[0 0 3 8] jfci^-O. tIt^x^hi:^F« 

^*V^»£ ->7*A2 : NO) , Xli, SS*E«tCl 

g£{fcriSfe5»& Ufy/A3 : YES) ICO^TH, 

yA4) n w^sewttiigisg^^ff^* a. u— 

[0 0 3 9] (>*y«f^*Cj:6*aEjg«*<0«F3E) & 
y^A 6 tcSfTl~5#N y^A5M^fy^A6 
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7— ab£U*J^*POi§»K Hi 5 (A) ici^i-j;^tc: % # 
mar-?*?** b<nmm&Pi (xi, y«, zi) s *£I>jig 

StfcVK S#^60jffi«|*rP2 (X2, 72, Z2) % 

[ o o 4 o ] 

f '/f = (c+V2sd) / (c-Visd) •■• (7) 
(9, f I4*««*«r*>6. (7) ^^ASftf 

VKCPU3 *^^A4fC:fc^T;fc^c^M^ 

3 2 a IzWZ&trt&My*— $<DT K^^^^t6o #J 
x.r£, 116 (A) tc^-Tct^tc i&fl^— 

l/^^f^M7 Kl^^OS (An-Ao) /j^M^-^i/ 

K^usffiitfcSRgosEK^taa-rs, t^>KCPu 

3 1tt7K^Ao, Ai, ■■•OJIK(::Kj£W£KM! (^ib 

•fntf, ^^^y^^TK^Ao, At, •••Goni{c& 

[0 0 4 1 ] KU^iiM^ 
(B) JC^-t-^W^tttt f WttflS-T*— *M4, Hta (C) 
[0 0 4 2] ^Jx.^, hi6SWBtffiil«c» 

$ttfcift^7 f -"^SrS#jitfo Pot, KJtmffcKSra 

^mW£*<^Wr£&s ML.TK^Ao, Ai, A2 
-CtLT, S$ai^7Kl/^ttAn, An-I, An + 2- 

[0043] m, ^m^r-fv** bxng&M^mttft 

CMLT^ti), (Ell 5 (B) 0 f^j#^ 

tc, +«jfiiPbK Pb2^rii^t-^:^L, 
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[0 0 4 4] Z&^mfflfc&mgjEn. ^77/A5tO 

mm^-m^-^Rxf^ ^A6^i ik&to&mfirtttiL 
«c*ji^t terns fr%o 

^'<7*-?%m^* (^f^BS) , (1) St 

[0 0 4 6 ] t = d/c •• (8) 

Ufy/B5) 0 
[0 0 4 7] ft, JiizgcOil^{f^(7D^^^^r^jo 

9 td, 2*J^±C03£^:/v^^ b^fctf^X&M* 

[oo4 8] mm (a) (CTr^t-j: 9 ^^-^'^^^ 

Xftt£-tZ>m&. Pi <t P2<7)P^COEg^Pf P 2 ^it (9) 
[0 0 4 9] PiP2=Lr+Ls+2Lx (9) 

- ^xhm^AP2 tw^r^^m^^^^ ht<D 
<7ym&ffiSs^<Dmm$EM, t^XLxitPi^sxrjPKD 

bicm^co^fcm&.mxfrKi , u (a) ^j^, 

Li, L2. LiXfo&o Ztl^X^O, m 1 9 <D X b d^glfc 40 

mmz x ^x*:<Dmum&x-z z> 0 $ h^m^-y^ 

[0 0 5 0] — ^r, b Pi i: P2 # 

(9) t«t^/^\ C(D J; Otem^^m^fc*^ 
T(Ci|-<6 0 Pllg] (B) K^^T^M^v^^ h Pi 
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::t'tlt^x^ hPi ^g^^P2 t<D$EMPt P2 

(9) (CioT^btrtCOT^^^^^y^ 

mm. m>wftte2&j£\(Dm.m^£^xmioi-z£<Dx$ 

? hPi £^/£P2£oSggtPi P2(i^: (9) £9 
Pi P2 = Lr+Ls — (l o) 

xfoz>o •ULitstm**'?*/*.? b p\tf» 7/ismm^& 
^ztz PiP2n2fif£]<7)feMi l z±^xmt>£tL% 0 ^ 
iTtfty^x ^ h p i & b ? isv* > bmmxtbz* 

jfeAKlfiq5Ei-5»£\ Pi P2f*^TOJ: 5»C3ft^So 
[0 0 5 1 ] ^A^^GTS^-^M-^COg^ A E £ , & 

tfaiSC;*-:/^* h Pi^u ryiHIH**»6 b7>-is^^ b 
5o ciw^fetcitu^ I^EJ (C) coj: ?\c*gm*zf>> 

bt>mmmtoicmjfc£tbx\,*zm&izte\,^x *>&m 

[0 0 5 2] --Jj, mk<D&VRJrzfi/x.f b ^f^jl 

[0 0 5 3 ] (lfrfctt&m^<D*£j$.XTry-7) *T V 

Sr#WLT»«»cfftW1-*. ^-f 8 , t^KCPU3l 
K>-=t y 3 2^^*«^^v ? 3 c^ h^icfi]^ ^ 

2) 0 m%-V£* is* 9 h*C^Wffi^4o*>-5» 

PMIt*— ^«r«lE^j2itf (^7^C3) o COEEHiT*-* 
fill] 13 (B) (C*Dtt2) r i + r 2{C^^i"5 tjCOT'^ 

5o 3SW^^*^ hof*/<9>-^ CKft^< 
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, ems* 1 ?*—*) *mwhts {^yjc 

[0 0 5 4] (il^raff^M^f^) 
* ^ y 7" A 7 *3 W 5 SifcR*t*« ^f^t 

KWi-So B5»cR*t*filgl4^-t-F I R7^/^ (IS 
^A7m^(±, roft&RtHBF&A? jjvtcyy 

i«2kRI****7-f/U^co#iItt»*fflDi, Da. ••• Dn 

i x a 2, -•- a NttfittEKlc K»*cJ:S« 
**£LTKJ££*l, i«*Rtt*<oficttHENL fflW^ 

hC0j^«^77«— ^, R*ra*C*5ttSR*t^fc 
l^Hi^, X (n) li7^/^roA 

&£;h,fc«^-*Kte^i-5o Y (n) ttilsScRAt* 

[oo5 5] w &r»* >y7%mi ozmm 
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